In this paper, we propose a real time approach to optimize the supplied energy of a wind station. This station is used for electric energy storage in battery bank, water pumping, lighting and heating systems. The characterization of the wind generator allows us to estimate the available electrical wind energy of the platform. A data sheet of the required energy for each load (battery charging, wind pumping system, lighting system and heating system) is drawn up. Basing on the issued data sheet we develop and implement a management system for optimal energy distribution. To improve the proposed management system, we introduce a real time data acquisition (DAQ-S) and data processing (DP-S) subsystems. The DAQ-S measures all the required electrical parameters needed by the proposed DP-S to perform an optimal algorithm activating our smart decision system to allow a rational and effective use of the electrical wind power.
Introduction
Due to the depletion of fossil fuels and to the increase of polluted emissions: renewable energy production (hydro, solar, wind, geothermal...) is rapidly growing. Wind power is one of the renewable energy sources which have been widely developed in recent years. Wind energy has many advantages such as no pollution, relatively it low cost involved and is an inexhaustible source. Wind generators are considered as the most promising suppliers in terms of competitiveness in electrical power production. The wind energy is used for more than thousand years ago for water pumping [1] , grinding grain and other low-power applications like lighting and heating systems.
In the pumping domain, we distinguish essentially two well known methods of wind pumping. They are mechanical and electrical wind pumping systems. The first method is suitable for shallow wells and small flow rates [2] . Electrical wind pumping system has more advantages than the mechanical one [3, 4] . Also, the electrowind pumping systems present greater annual efficiency of rate 5% to 6% comparing to mechanical wind pumping system of the same size [5] .
More recently, the small wind-electric pumping systems have become increasingly popular, both due to greater flexibility over mechanical systems and to the advantage of being able to use spare electricity for other purposes.
In [6] a theoretical frame work has been developed which allows for the steady-state design of wind-electric water pumping system and the understanding of the system behavior at transient conditions. The critical role of energy storage in the start-up process has been discussed. The authors in [6] concluded that water pumping is a major application for small wind-electric systems and believed that the present considerations may potentially have a considerable impact, leading to better understanding and a proper design of such systems.
To reduce the water pumping cost, the electric pumping system consists essentially of a turbine coupled to a common induction motor which drives a centrifugal pump [6] . This method reduces the number of components and use storage tank water. Another solution replaces the water storage tank by electrical power storage in the battery bank and then supplies the pump via an inverter [7] . This solution requires five components to convert the wind energy into electrical energy (Wind Generator, rectifier, charge controller, batteries and inverter). In our case, we mix the two solutions, power storage in the battery bank and water storage tank.
For a rational use of this wind energy, several technical studies have been developed to increase wind system efficiency and performance. From a technological standpoint, some authors have presented a method for control design of boost converter for small size wind generator systems that are applied to battery charging application [8] . A boost converter is used to regulate the battery bank voltage in order to implement a maximum power point tracking (MPPT) process and limit the maximum current through the battery. In [9] , it was proposed a new topology, where a boost converter operates in parallel with a three-phase bridge rectifier. At low speed, the boost converter is used to draw the current from the generator to the batteries. With the proposed topology, the extraction of power at low speeds is evidenced by the experimental result that improves the system performance. In [7] the analysis of the different stages of the energy conversion process and efficiency of the corresponding system were presented. This analysis included measuring the wind generator power curve, the efficiency of each component and the overall efficiency of the wind pumping system. The authors have concluded that the turbine blades could convert at most 35% of the available wind kinetic energy into rotational energy. From this energy 51% could be lost by the electrical components of the system; rectifier, batteries, and inverter. This means that just 17% of the wind energy could be available for water pumping. Since a great amount of energy is lost during its conversion process, new configurations should be developed and analyzed to avoid such losses. For the energy storage components, the measured data indicated that the rectifier, the battery bank, and the inverter operated with the average efficiencies of 95%, 78% and 86% respectively. This study showed that a great amount of energy is lost during the energy conversion process. Thus, a rational exploitation of this energy is necessary; this is the purpose of the study of this paper. This study involves the development of a strategy for the rational and optimal use of the net energy provided by our platform. Our different uses are the electric energy storage, electric wind pumping, lighting and heating systems. This paper is organized as follows: In Section 2, we describe the system studied. We begin by a description of our platform, then we present the baseline theory of wind energy conversion and we end by determining the energy requirements for use. In Section 3, we present our optimal management system of the platform. In this section, we propose a statical analysis method based on monthly averages data. Next, a detailed description of our optimization method is presented. Different results are presented and discussed in Section 4 and we end with a conclusion and perspective.
System Description

Presentation of the Platform
The platform studied in this paper is installed at "Ecole Normale Supérieure de l'Enseignement Technique -ENSET-Mohammedia", Morocco, latitude 33˚41′23″ North, longitude 7˚23′23′′ West. It is depicted in Figure  1  Non-controlled 6-pulse rectifier (48 V AC -24 V DC).  A battery bank (12 V, 210 Ah).  A 3 KW inverter that generated 220 V at 50 Hz which supplies a single-phase electric pump to feed water tank, lighting and heating systems in addition to a power dissipater system and,  Meteorological measuring station (MST), located at a height of 8 m above the ground. The MST is composed by an anemometer, weathervane and a computer to store data. Data provided by the station are in the form of a table containing the measurement date, the sampling period, the speed and wind direction and the temperature of the neighboring region.
In order to monitor the platform, a data acquisition system (DAQ-S) is introduced in the platform with the MST system and another system to measure and record the needed electrical parameters.
The main task of our optimal management system is to compute and deliver the required various commands for a rational distribution of electrical wind energy. Notice that, the light sensors (LDR) and the level sensors (LS) are used to provide information on lighting system and water tank storage level respectively.
Baseline Theory of Wind Energy Conversion
The well known equation of the available wind power P w is given by the following expression:
where,  is the wind density;  A is the turbine swept area;  V w is the wind speed. The wind power is converted into mechanical power P turbine by the turbine blades, according to the equation:
where C p is the power coefficient of the turbine and  the specific speed which is a function of the wind speed V w and the blade rotation speed Ω :
where R p is the radius of the blades. The generated electrical power Pe is defined by:
 turbine is the generator's efficiency.
Wind Energy Availability in the Studied Site
In our previous study [10] , we showed that electrical supplied power of the studied platform has been modeled by: 3 2 0.0039 0.0899 0.2706 0.1937
where P e is the electrical power and V w the wind speed. Thus, a statistical study on the collected data, allowed us to estimate the potential of wind energy in the east region of Mohammedia.
In this paper, the study is focused on the resulted data base of the year 2006 as shown in Figure 2. 
Electrical Power Requirement
The considered platform is used to supply electrical energy for pumping, lighting and heating systems. It is necessary to evaluate the energy need for each load.
Pumping System
The pump is designed to fill a water tank of volume V R (m 3 ). The electric power P p required to pump water at a head h and flow rate Q may be estimated as in [11] by:
where  w is the density of water, g is the gravitational constant and  p is the pump efficiency.
The time required to fill the tank will be:
In our case, we consider a nominal pump power 0.55 KW 
Lighting and Heating Systems
The lighting and heating systems are the second load of our platform. The lighting system includes a set of L i lamps that requires an overall power P L : 
We choose n = 20 and P Li = 30 W. In the same way, the heating system requires a global power:
where n = 5 and P HI = 1 KW.
Charging Battery
The storage batteries are employed to accumulate extra energy during periods when the power generated by the wind turbine is greater than the load demand. This extra energy would be used later when the generated power is insufficient to meet the load demand.
In battery charging domain, several electronic solutions were proposed, the most relevant, was proposed by [12] in which a steady-state model of a wind-electric battery charging station was largely detailed. This study showed that using a single AC/DC converter is cheaper and the required power for charging the parallel-series combination of m*n batteries are given by:
where U dc is the voltage at the battery terminals, R int and E oc are the internal parameters of each battery. The configuration used in our platform corresponds to (m,n) = (2,2).
Need of Energy
To determine the energy requirement, we referred to the features and operating conditions of each load. Thus, based on the daily weather situation in the eastern region of Mohammedia city and in accordance with solar calendar provided by [13] , from which we determine the time required for lighting, based on duration day for each season. For pumping and heating, we have established the need for water and heating during the same period of year. This allowed us to compute the total amount of required energy during its defined operational time (W total in KWh) per month. From these data, we note that the heating system requires a very high energy compared with the energy provided by our platform. For this reason we will consider only the energy required for pumping and lighting systems. This energy will be denoted W request . Therefore, the heating system will receive the extra energy W extra . Where:
The extra energy needed will be supplied by the 220 V -50 Hz sector. Notice that the available energy (W available ) can be provided by the wind generator and/or the storage battery. In the case of satisfaction of all the load needs, the charge controller is switched to the power dissipater.
Optimal Management System of the Platform
After the identification stage of the available and the required energy, we developed a strategy to distribute the available energy over the different loads during the year.
Monthly Energy Analysis
Here, we propose a statically analysis approach which is based on monthly averages data. The curves, in Figure 3 , show the evolution of various energies per month. We see that needed energy for pumping system and lighting system are globally satisfied. The extra residual energy (W residue ) may be injected into the heating system. To satisfy the energy demands for heating, we will use the 220 V -50 Hz sector. So, the sector must provide the difference:
This analysis method allowed us to estimate the monthly energy availability of the platform. In fact, it is an approach that uses the database measurements of the meteorological station. For better accuracy, we propose a dynamic method which considers the real time sampling periods to compute the energy. This approach uses the different data acquisition system measurements and distributes the available energy in real time on the different loads. This approach is detailed in the following section.
Optimization Method
The proposed solution distributes the available energy to satisfy the needs of different loads. To do this, we consider that our system is composed of a generator providing power P g and loads requiring power P u .
Generator
We consider the system "wind turbine and batteries" as an energy source providing a variable power P g (t). At each time t, P g (t) depends on the wind speed and the charge level of the batteries. P g (t) is expressed by :
where P e is the nominal power of the wind turbine and P B is the nominal power of the batteries. The parameters  1 (t) and  2 (t) describe the status of the wind turbine and batteries respectively:
Notice that:
  1 (t) = 0: Wind turbine is unable to start i.e. P e = 0;   1 (t) = 1: Wind turbine runs at its nominal speed, i.e.
P e = P enominal .
In Figure 4 we show the transfer curve of our wind turbine and its useful zones according to the coefficient  1 (t).   2 (t) > 0: batteries are in supplying mode and deliver the power  2 (t).P B .   2 (t) < 0: batteries are in charging mode and receive the power  2 (t).P B .
Finally at each moment, the generator must guarantee a power P g to satisfy the power P u required by the use. This means that the system must satisfy the balancing criterion P g (t) = P u (t).
Load Features
Our load system is composed by three kinds of charge associated to their power consumption respectively:  A pump: P p ;  A lighting system of n lamps: P L ;  A heating system: P H .
The power required changes instantaneously and depends on conditions of use.
This power is expressed by:
The  i = 1,2,3 are adjusted automatically according to the available power and conditions of use to preserve the balancing criterion. To do so, at each sampling time T i , we must determine P g (T i ) and calculate P u (T i ) in order to have     To achieve this energy dsitribution, we compute the total available energy i W so it must be identical to the total energy required for each load. Notice that
where we assume that
Management Procedure and Condition of Use
The balancing condition search uses the coefficients 1,2,3 i   that depend on some conditions previously set by the operating mode of loads. For example, the conditions at night are not the same during the day. Similarly, the energy demand varies from month to month depending on the season in question.
We notice here some constraints on the operating mode of the system:  If it's dark, the lighting must have the highest priority over other loads, so t . In addition, we consider a minimum of power P Lmin of 500W ensuring proper lighting of the area in question. If the available power at a time t is below this limit, the difference is supplied by the 220 V -50 Hz sector by  The 220 V -50 Hz sector supplier is used only to provide the additional energy when need is.
Processing Procedure
The flowchart of the processing procedure is shown in Figure 5 . To achieve this task, we need some procedures. First, we measure the wind speed V w and the batteries states by  2 . Then we calculate the power P g as described in (11 
Finally, we perform some tests to assign the energy to continuously satisfy the needs of each load.
Results and Discussion
In this section, we present the simulation results of our approach. We consider data collected of one day (December 1, 2006) with a sampling period of 5 minutes. In Figure 6 (a), we present the different power curves before performing the proposed optimization approach. When the power P extra is positive or null, it means that all the load needs are satisfied. Otherwise, it means that the sector supplier must provide the difference. This is to satisfy the required power for lighting and pumping systems. The execution of our optimization approach brings up other values of the power requirement taking into account the operating conditions of lighting and pumping systems (Figure 6(b) ). When the available power is null, this means that the sector must supply the overall power to satisfy the loads needs. Notice that during the considered day of study, the loads needs are satisfied from 00:00 until 2:15 am. Otherwise, the sector must provide the energy needed to meet the loads requirements. The available power, in Figure 6 (c), is distributed over the different loads depending on the operating conditions previously set. Figure 6(d) shows the power required for the lighting system belongs to the interval [500 W, 600 W]. The power distribution for the pumping system is shown in Figure 6 (e) The extra power of Figure 6 (f) must be routed to the batteries to fill the deficit of charge. Otherwise it will be dissipated in the power dissipater. Finally, the Figure 6 (g) depicts the reduction of sector supplier power by the proposed optimization method. In this figure, the dashed curve P sectorI shows the needed power that the sector must provide during the 24 hours of the day in study. This means that during these 24 hours, the sector had to produce 13.2 KWh. The second curve named P sectorF shows the power supplied by the sector using our management system. In this case, the required energy is only 4.66 KWh, i.e. our system has saved 8.54 KWh during this period (24 hours). The difference between the first and the second curves correspond to the notified gain by our system.
Conclusions
In this paper, we have proposed a smart approach to optimize the energy use of a wind energy station. It is a dynamic method for exploiting the available energy during a sampling period. Simulation results have shown that during the considered 24 hours, the available energy during each sampling period was spread over the different loads in order to minimize the contribution of the 220 V -50 Hz sector. Notice that, using our system, we have saved 8.54 KWh that the sector had to provide during those 24 hours.
As a following perspective of this work, we will enhance this smart system by a suitable choice of the different electronic and electric components of our circuit system. Furthermore, we will define a hard control strategy to seek smoothly the system components. Finally, the developed management system will be implemented as a smart chip.
